computerized tomography (TCT). Subcortical hema tomas showed a correlation between occurrence of re mote effects and time interval from the onset of stroke, occurring more frequently in the acute phase. A correla tion was observed between cortical and cerebellar remote effects and the severity of clinical presentation. The causes of remote effects are still unclear and have been extensively debated. Our data indicate that there is a re lationship of remote effect to the neurological status. It is possible to show, by noninvasive, low-cost methods, re mote CBF effects after stroke that may contribute to the assessment of brain functional impairment. Key Words: Subcortical cerebrovascular lesions-Remote effects Single photon emission computerized tomography. may decrease with time, possibly in relation to modifications of the clinical picture (Ackerman et aI., 1981; Celesia et aI., 1984; Kuhl et aI., 1980; Lenzi et al., 1982) .
Changes in cortical cerebral blood flow in sub jects with subcortical infarcts and structurally normal cortical areas have also been demonstrated by other methods, such as the intracarotid injection of radioactive xenon and conventional two-dimen sional recording (Orgogozo et aI., 1979; Olsen et aI., 1981; Ta kano et aI., 1985) .
The purpose of the present study was to evaluate the features of functional remote effects by using a noninvasive, low-cost method, namely single photon emission computerized tomography (SPECT) and N ,N,N '-trimethyl-N' (2)-hydroxy-3methyl-5-(l-123)-iodobenzyl-l,3-propanediamine 2HCI (1-123 HIPDM), and to correlate their rela tionships with clinical data either in the acute or in the chronic phase of stroke. 
PATIENTS AND METHODS

Patients
Thirty-four patients with a clinical presentation of a single cerebrovascular event and TCT confirmation of a subcortical unilateral (nonlacunar) lesion underwent SPECT cerebral perfusion studies. There were 26 men and eight women, with a mean age of 58 years (range 27-75), 19 presenting ischemic lesions and 15 hemor rhagic ones.
Each patient was studied once, at a time varying from 1 day to 24 months after the onset of the stroke. No follow up studies were routinely performed. Clinical assessment was performed at the time of the study and quantitated with the Canadian Neurological Scale (Cote et al., 1986) . Eight patients were hemiplegic (score <0.5), 22 were hemiparetic (score >0.5), and four had normal results of neurologic examination. In none was consciousness im-paired. In all patients, cerebral TCT had been performed at the time of the acute cerebrovascular event and again on the same day as the SPECT study. The patency of the carotid arteries was assessed by Doppler sonography and/or conventional angiography just before or immedi ately after the assessment of cerebral perfusion by SPECT. Patients were divided into three groups: subcor tical hematomas (n = 15) ( Table 1) , nonocclusive subcor tical ischemias (n = 9) (Table 2), subcortical ischemias with occlusion of the internal carotid artery (n = 10) ( Table 3 ). In particular, the inclusion of patients in the nonocclusive subcortical ischemia group was based on the absence of vascular obstructions both intracranially and extracranially, as assessed in all these cases by con ventional angiography including selective intracranial in jections. It is possible, however, that in the internal ca rotid artery occlusion group, tandem occlusions may have also been present in the intracerebral arteries ("oc clusio supra occlusionem" (Ring, 1971) . Eight normal subjects, age range 18-45 years (mean 28), were studied as controls.
CBF study
The method for assessing regional cerebral perfusion by SPECT in humans following the intravenous injection of 1-123 HIPDM has been described in detail (Fazio et aI., 1984; Lucignani et aI., 1985; Wicks et aI., 1983) .
Fifteen minutes after the intravenous injection of 7-8 mCi of 1-123 HIPDM, 4,000,000-5,000,000 total head counts were recorded with a rotating gamma camera and dedicated computer, on 64 angular projections, over 30-45 min of rotation time. Data were subsequently re constructed and corrected for attenuation (Fazio et aI., 1984) , a complete set of axial tomographic slices being obtained. Slices were 2 pixels thick (center-to-center dis tance 1.2 cm).
Spatial resolution was 2.5 cm full width half maximum (FWHM) both on the longitudinal and on the axial planes (for a 23-cm rotation radius). For each subject, four con secutive slices of the supratentorial structures, and one slice of the cerebellar hemispheres, were analyzed.
Data analysis
On each supratentorial cerebral slice, 12 symmetrical regions of interest, 4 x 4 pixels large (2.5 x 2.5 cm), were analyzed, six for the right and six for the left hemi sphere, and located on the cortical ribbon, two in the an terior, two in the middle, and two in the posterior areas. After scatter correction (Axelsson et aI., 1984) , counts of the two homolateral anterior regions of interest were averaged to obtain a single mean value of the anterior region (A). The same procedure was used for the two middle (M) and for the two posterior (P) regions of in terest, thus obtaining three mean count values for each hemisphere (A, M, P) on each of the four supratentorial slices.
Indexes of relative perfusion [1(1)] between the two hemispheres were obtained. The indexes were calculated as the ratio between symmetrical A, M, P count values, in the two hemispheres, thus obtaining three indexes for each cerebral slice and a total of 12 indexes of relative cortical perfusion for each subject. In the control group, J Cereb Blood Flow Metab, Vol. 8, No. 4, 1988 the indexes were calculated as the left-to-right count ratio; repeated measure of analysis of variance was used to establish the existence of a difference in values of in dexes of relative perfusion between and within normal control subjects (Kirk, 1969) .
In patient groups, each index was defined as the ratio between the count values of the pathological hemisphere with respect to the normal one. On the cerebellar slice, two regions of interest 4 x 4 pixels large (2.5 x 2.5 cm), were chosen, symmetrical to the midline, one on each cerebellar hemisphere. For both normal subjects and pa tients, the same ratios as above were used to calculate the indexes of relative perfusion in the cerebellum [I(c)].
For the three groups of patients (subcortical hema toma, nonocclusive subcortical ischemia, occlusive sub cortical ischemia the internal carotid artery), the extent and degree of the cortical hypoperfusion were evaluated considering, respectively, (a) the number (n) of the in dexes outside the normal range and (b) the lowest index value (I). The 1(1), I(c), and n values of the three groups were tested for difference of statistical significance by Bonferroni's test for multiple comparisons. In each pa tient, the TCT slice with the largest area of damage was selected, and the size (mm2) of the lesion was measured by a planimeter.
The correlation between the size of TCT subcortical lesion, the time from the onset of stroke, and the mea sures of cortical and cerebellar hypoperfusion [1(1), I(c), and nl, were analyzed by multiple linear regression tests.
The wide range of time interval from stroke onset in the subcortical hematoma group allowed the definition of two subgroups, including patients studied in the acute phase (within 1 month from the occurrence of stroke) and in a chronic stage (more than 1 month from the ictus). The 1(1), I(c), and n values were tested for statistically significant difference between the two subgroups by t test for two means.
In order to test the correlation between motor deficit and degree of the cortical and cerebellar relative hypo perfusion, the 1(1), I(c), and n values of the three clinical groups (hemiplegic, hemiparetic, asymptomatic) were tested for statistical difference with Bonferroni's test for multiple comparison.
RESULTS
Control subjects
The regional indexes of relative perfusion were not significantly different between and within con trol subjects, at both the cerebral and cerebellar levels. The indexes (I) were thus averaged to obtain an overall hemispheric index value, which was 1.00 ± 0.08 (mean ± SD) and an overall cerebellar index value of 1.00 ± 0.07 (mean ± SD). Mean values ± 2.4 SD were assumed as the range of nor mality, since this range approximates 95% of the distribution data from eight subjects. fected in some patients with TCT anterior lesions (Le., caudate nucleus, fronto-parietal white matter) ( Fig. 2) .
Patients
Cerebral cortex perfusion, as indicated by the lowest index value [1(1»)' was significantly different between groups of patients according to neurolog ical status. Asymptomatic patients (n = 4) had the highest score [1(1) = 0.90 ± 0.04]. In the 22 pa tients with moderate motor deficit, 1(1) was 0.76 ± 0.09. In the eight hemiplegic patients, 1(1) was 0.54 ± 0.15 (Fig. 3) .
The extension of the cortical hypoperfusion, as shown by the number (n) of index values outside the normal range, was significantly different be tween the hemiplegic group and the hemiparetic (p < 0.01) and the asymptomatic (p < 0.01) groups. No significant difference was found between the hemiparetic and the asymptomatic groups. .. Furthermore, the same clinical correlation was evident for crossed cerebellar diaschisis. Our data on crossed cerebellar diaschisis are consistent with the few cases so far reported following subcortical lesions (Kanaya et aI., 1983; Pantano et aI., 1986) .
A correlation was found between CBF remote ef fects and the time interval from the onset of symptoms only for the subcortical hematomas. The earlier the CBF measurements, the more frequent were the occurrence of remote effects. This fact may be due to major damage occurring in the acute phase of hemorrhage, in which the "mass effect"
probably plays a major role (Fieschi et aI., 1988) .
In this regard, in patients with subcortical hema tomas, a functional metabolic recovery paralleling the clinical improvement has been demonstrated with PET (Metter et aI., 1986) and with SPECT (Pozzilli et aI., 1987) .
Considering only the ischemic groups studied, the question of a major involvement of the patients with occlusive artery disease may be raised.
Our technique does not allow the separation be tween areas of ischemic penumbra (Astrup et aI., 1977) or incomplete infarction (Lassen et aI., 1983) and region of deactivation (Von Monakow, 1914; Slater et aI., 1977; Baron et aI., 1980; Lenzi et aI., 1982) . Nevertheless, remote effects were observed in patients with occlusion as well as in patients without arterial disorders; no statistically signifi cant difference was observed between these two groups of patients .
Another point to be discussed is the reliability of the technique with respect to the problems ad dressed here.
The limitations of the 1-123 HIPDM SPECT to evaluate CBF are widely known (Fazio et aI., 1984; Lucignani et aI., 1985) . However, for qualitative analysis, comparing one hemisphere with the con tralateral, SPECT changes are acceptable. In fact, SPECT appears to be suitable for clinical studies (Di Piero et aI., 1987; Pozzilli et aI., 1987) .
Furthermore, SPECT studies with 1-123 iso propyl-iodoamphetamine (IMP), another ampheta mine tracer, have shown that whereas early SPECT scans are mainly related to cerebral perfusion, late scans are affected by the "redistribution" phenom enon, linked to a number of other factors, including also metabolic effects (Raynaud et aI., 1987) .
Because we performed only early scans, our data were obtained from perfusion-dominated images.
It should be emphasized that in our patients the lesions were strictly confined to deep regions. Ac cordingly, the TCT appearance of the cerebral cor tical areas, where regions of interest had been se lected, was normal. This rules out possible artifacts due to changes in the tissue viability that may affect the tracer's uptake.
Regarding the control group and the use of the contralateral hemisphere as a reference, a limita tion must be acknowledged: the control group had a mean age below that in the patient series. However, age-related asymmetries in the hemispheric perfu sion have not been reported. The comparison be tween the affected side and the nonaffected side as a reference is a very common way of analyzing data in emission tomography.
It is not possible to rule out, in cerebrovascular patients, the eventual occurrence of subclinical, sub-TCT-detectable micro-lesions, and/or of the so-called "incomplete infarction" (Lassen et aI., 1983) , the real presence of which has been ques tioned by histological studies (N edegaard et aI., 1984) . It is maintained that "ischemic penumbra,"
i.e., a reduction of blood flow sufficient for tissue viability (Astrup et aI., 1977 (Astrup et aI., , 1981 Olsen et aI. , 1983) , affects peri-infarct areas. However, it has been detected only in the acute phase, with low CBF values and high oxygen extraction ratios (Wise et aI., 1983) . In chronic conditions the "isch emic penumbra" has never been demonstrated (Raynaud et aI., 1987) . Diaschisis has been widely studied with PET, and the hypothesis on its patho genesis thoroughly discussed (Feeney and Baron, 1986) . One intriguing aspect is the relative lack of clinical correlations of a diaschitic reduction in ce rebral metabolism and flow.
Here, the correlation between the severity of the motor deficit and the degree of CBF asymmetry in dicates a possible role of cortical dysfunction in the clinical presentation of patients with subcortical stroke.
A recent report of pharmacological transient im provement of stable motor deficits in stroke pa tients (Davis et aI., in press ) may stimulate the in vestigation of whether, and to what degree, dias chisis may be involved in this phenomena.
Despite its limitations, SPECT appears to be a suitable technique for assessing cerebral perfusion and, possibly, function in clinical cases and also for the follow-up of neurological patients (Perani et aI., 1987) .
Further studies with this functional noninvasive technique may provide some insights into the rela tionships between the phenomenon of remote ef fects and the recovery of brain function.
